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be compared with a 

Penning type ionization gadge where the electrons oscillate along the axi 

of the tube. 

lies mainly in the fact that the confinement of the electrons is achieved 

by electrostatic quadrupole lenses instead of a magnetic field.* Electrons 

The difference between the'Penning gauge and the new gauge 

C '  

a r e  emitted from a hot'cathode at one end of the tube and accelerated 

along the tube. They will then encounter an inverted field, since on the 

other end of the tube a flat disc is positioned which has a potential slight-' 

ly lower than the cathode potential. This will cause the electrons to re- 

turn and continue to oscillate obtaining maximum velocity each time they 

The produced ions a r e  collected by a cylin- .pass  the middle of the tube. 

drical screen surrounding the whole electrode structure and/or the flat 

disc. 

kept very low. The tube can be operated in two modes: 1) d. c. potentials 

o r  2 )  ultra high frequency (about 200 MHz) a r e  appiied to the quadrupole 

No fast'electrons can hit any solids so that the X-ray production is 

, 
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he sensitivity factor was by 

tion by: a.factor of more than 

2,008 higher than that of a. regular  Bayard-Alpcrt gauge, The X-ray limit 

it plays a lesser  

na at the ion.collector. Adso 

equilibrium in front of the ion 

This had earlier been p08tula 

limit of ionization gauges. 
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r and create a kind of "gas cloudt' 

e main reaieon df the lower 
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The new non-magnetic io consists basically o 
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pole lens systems excited at high frequency. , The principle for focusing 

with a quadrupole system had already been proposeid in 1950 in a patent 
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The new non-magnetic io consists basically o 
J 

pole lens systems excited at high frequency. , The principle for focusing 

with a quadrupole system had already been proposeid in 1950 in a patent 

issued to Christofilos (1950). Indapendeptly Courant, Livingston and 

Snyder (1952) have studied the possibility of using alternatingagradien 

I focusing for particle accelerators. Paul and Steinwedel (1953) had pro 

posed this same principle for application in mass -spectrometry. 

papers have come out in the meantime on the subject and a recent survey 

can be found in a book edited by Septier (1967). 

Many 
I 

The quadrupole radio fre- 

. quency devices were mostly used for mass filtering. Only recently Dawson 

and Whetten (1968) have mentioned the possibility of using such a system 

as an ionization'gauge. Already Fischer (1959) had worked out a theory , 

, on how to focus electrons with rotationally symmetric quadrupole fields 
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previous 'efforts in 

nditions that predpmi 

trong-focusing device 

trons will encounter a slightly 

negative potential and therefore riven back. The device is so 

a r e  cozifinad in the 

adrupole lenses instead of a mag 

llected by a small disc in the c 

negative potential fo 

creation of the inverse field 

the axis of the tube 

ce apprcrximately th 

same quadrupole field as the ideal configura.tion of hyperbolic electrodes 

sketched on Fig.  1. . An a. c. potential Uo cos ut with a superimposed d. c 

potential udc i p  applied between a pair of,opposite "rods". 

field within the quadrupole is given byi 

The electric 

r2 

> 
E = - grad 

0 
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which lea& to the following differential equations for .y and z: 
U 

&-A (udc + uo C 0 8  Ut)y 0 (3) d t2  mr: , ', 

- d2z + 2e_ 
d t2  + uo cos wt)z = 0 (4) ' ' m2 ('dc 

0 

_ -  

. B,pth a r e  of the form of Mathieu's equation (see McLachlam(1947) ):' 

.I 

1 I (a - 2q e08 28)c 5 . 0  , de2 

0 1  
I .  

. e  

the s,olution of which is given by: 

ive -t ~e+' c cv e r = Aev' Y cy e 

I 

(6) - ive , 
spo 

-00 -OD 

4 

which can be applied for being eithe'r y o r  2;. In the first case (eq. 3) 

. 8eUdc . 
r 2  mu2 

(7) a n a  5 - -  

0 
Y 

and in the second (eq. 4) 

and in both cases 

(9) 

. which results from the fact that the time operator ' - d2' has to be replaced 
dt2 

, since 0 5 - . The characteristic exponents 4 d2 
2 by the operator - 

u2 de2 
, .  
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p of the solution can be determined from a ,  and q But in,o,rder that y 
t 

' b  and 2; be real ,  1.1 has, to be purely imaginary of the form p - I, where b 

and d a r e  integral numbers. The e r  limits for a, and the lower limits 

for a 

the two curves on Fig. 2. 
Y 

as a function of the peak voltage Uo for electrons and at a high. frequency ' 

respectively for which these conditions exist a r e  represented by Y 

a and a a r e  already given in units of udc 
Z 

of y = 200 MHz as applied to the rods. So that only electrons remain on 

a stable trajectory one has to stay close to the two points of the two curves 

which yield a = - a . This is the case approximately a t  U, = 160 volts, 

which then fixes the value for udc = 27 volts. ' For values of uo >I60 volts 

one can also have stable trajectories f o r  electrons but other charged par- 

ticles with higher masses M may also become stable. The dc potential 

Udc to be then applied can be determined from the intersectiop of the line 

as given by: udc. = -YUol with the lower curve of Fig. ,2. Y is smaller 

than 0.166 and Uol varies between 0 and Uo. 

value for Uo l -  one can find out the 

ditione exist. 

. .  

Y Z 

l 
' 

I 

From the corresponding 

nge of masses up to which stable con- 

All charged particles with atomic weights smallsr than 

A +. 5.45 x uo/uol - *  A +. 5.45 x uo/uol - *  *.(lo)' .. 

then fulfill these conditions for the constructed device with ro = 1 c m  and 

' v = 20.0 MHz. For  ions with A ,= 1 (hydrogen) a ratio of yuo /  udc 1840 

would be necessary which shows that with .yC 0.166 practically only electrons 
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will oscillate under stable conditions. Due to the long electron path the 

amount of ions produced will be much higher than in a normal ionization 
a 

j 

I 

gauge. 

3 .  Gauge Design and Electrical Circuit ' 

The schematics of the quadrupole ionization gauge with its electrical 

connections a r e  depicted on Fig. ,3.  The four rods R provide the alter- 

nating high frequency field. 

which consists of a pure tungsten wire in hairpin shape. 

(AR) the potential udc is applied and'serves mainly to detect the eiectkon 

\ 

Electrons a r e  ernittid from the hot cathode ,C 

At the anode ring 
t 

. I  - 
, 9 emission i in an amperemeter A before the'high frequency is set  in 

\operation. The collector disc Co has a potential Vs negatiye against the . 

'cathode. 

an electrometer type nanoammeter (nA). 

Ions being collected at CO a r e  measured as a current if with 

z 

In order to avoid transmission losses at  the relatively high frequency, 

the two pairs of the quadrupole rods were used as transmission lines for 

the high frequency. 

to peak voltage between the two pairs of rods, an. appropriate impedance 

(not shown on Fig. 3)  had been inserted at the other end of the rods. 

whole electrode structure is enclosed ,by a cylindrically .shaped .screen which 

is on ground potential as is the positive side of the cathode C heated by, a 

low voltage DC power supply , Uh. .. The peak voltage .Uo is also measured 

by an RF-voltmeter not shown on Fig. 3.  , 

- 
This is not shown on Fig. 3.  'In order to get the peak 

I 
The c 

' 

I 
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' 4. Calibration of Gauge . .  
a 

f 
It was possible to find the conditions under which the ion current i 

was proportional to the pressure ' p  'and the electron current i- as th is  

latter was determined before the R F  generator had been set  in operation. 

The pressure p was determined with a Redhead gauge. The vacuum 

was produced with an Ultek-ion pumping system which had been rough- 

pumped with a cryopump. Sta,inless steel had been used throughout for the 
? 

construction of the vacuum system. Copper gaskets for the flanges and , 

0 
valves had been used that could be Gaked out up to 450 

ultra high vacuum treatment an ultimate vacuum of 10 

tained. 

C. After proper . 
. .  

-13 
Torr could be ob- 

> 

Calibration was performed with dry air and argon. 

Figure 4 shows a family of curves giving a relationship as measured 

' between the ion current is and the collector potential Vs for different 

' pressures of dry air as parameters starting from 2 x LO'5 Torr  down to . ' 

5 x los8 Tozr. For the optimum collector potential of about V, = - 19.5 

volts the gauge constant C as defined by: 

(11) Cp = -  i+Ji- 

' 4  -1 
revealed a value of C = 10 Torr  . Under d. c. conditions ,.which means 

the rods were only on the potential u d c ,  this constant did not exceed a 
.,, 

. value of C 50 Torr-'.. This is a factor of 10 higher than the VEECO- 
b 

type Bayard-Alpert gauge. 



. ,  

. .  i 
! '  

, .  
5 .  Lower Limit 

The lower limit for the RF operation could not yet be determined. 

Down to 10 Torr  still a linearity between pressure p and ion current 
-13 

,it ,could be observed. 

and there a r e  indications that the lower limit is not determined by X-rays 

However, quite a pumping action could be found 

. eventually produced by the slow electrons, but rather by absorptioli and 
+- 

desorption processes at the collector electrode. These processes enter 

into an equilibrium in front of the ion collector and create a kind of "gas 

cloud" as this had earlier been postulated by Schwarz (1951) and apparent- 

ly later observed by Redhead (1966). 

1 
Such a gas cloud being in a steady , 

< 

state may be the main effect that determines the lower limit long before ' 1  

the X-ray limit shows up. 
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Fig. i - - 
1 

t 
Ideal Eiectrode Configuration for Quadrupole Field i 

, 
. Fig. 2 - 

_.e+- 

' ' Fig. 3 - 

Stability Limits for Quadrupole Field 
Units in volts for electrons, ro = 1 crn and 
u = 200 M K Z  . 

Schematics of Quadrupole Ionization Gauge and Electri- 
cal Circuit 

Fig. 4 - Ion Current is as a Function of Collector Potential V, ' ' 

at differeht pressures p of dry air for U, = 160 volts, .( 

udc = 27 volts, v =, 200 MHz . .  
. I  
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